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Abstract 

Environmental factors have received only limited attention as part of past 
Base Realignment and Closure (BRAC) decision-making processes, and 
climate-change impacts have not yet been considered. During BRAC 2005, 
the Army considered listed and at-risk species as part of its environmen-
tal-criterion analysis. These species affect BRAC analyses given that their 
status can lead to restrictions on training land use, and that such re-
strictions are likely to increase under future rules addressing climate 
change. The objectives of this work were to identify prospective ap-
proaches for assessing the vulnerability of installations to climate-change 
impacts on listed and at-risk species, and to evaluate their suitability for 
informing BRAC-related evaluations. Three recently developed methods 
for assessing the vulnerability of Army installations to impacts of climate 
change on listed and at-risk species were evaluated using the SMART 
(Specific, Measurable, Attainable, Realistic, and Timely) decision analysis 
framework. Each method was rated against the SMART criteria and an ag-
gregate score was provided. The assessment approach having the maxi-
mum aggregate score was recommended as likely suitable for informing 
future BRAC and restationing evaluations. It characterizes installation and 
regional climate change vulnerability by integrating multiple factors re-
lated to exposure, sensitivity, adaptive capacity, and number of listed and 
at-risk species. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Ci-
tation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 

1.1 Background 

The Department of Defense (DoD) manages over 25 million acres of land 
across 425 major military installations and is the third largest federal 
land-managing agency in the United States. DoD lands host the highest 
density of federally listed species under the Endangered Species Act 
(ESA)—more than any other federal land-management agency (Nature-
Serve 2011). Nearly half of total DoD acreage is managed by the Depart-
ment of the Army (DA) and encompasses more than 120 major 
installations. Army installations contain more than twice the number of 
threatened and endangered species (TES) and at-risk species than land 
managed by the other military departments (NatureServe 2011; Stein et al. 
2008). DoD lands are managed primarily for military training and testing 
activities in support of combat readiness, which represents a much differ-
ent land-use regime than applied to other federal lands. Natural resource 
programs on DoD installations support the military mission by ensuring 
access to realistic training lands while providing for the long-term sustain-
ability of natural resources. Climate change is anticipated to increase the 
management complexity and workload for installations, and negatively 
impact their ability to manage listed and at-risk species. Such a situation 
increases the likelihood that the presence of species will drive additional 
restrictions on military access to training lands (DoD 2014). 

Another round of BRAC determinations, if any, is not expected before 
2021 (Defense News 2016). Environmental factors have received limited 
consideration in the past as part of the BRAC Selection Criterion 8 analysis 
(U.S. Government Accountability Office 2005). Besides Criterion 8, the 
Army also considered noise contours, soil resiliency, water quantity, and 
air quality as environmental factors in their Military Value Analysis 
(MVA). Previous BRAC determinations also have considered environmen-
tal impacts, such as cost of potential environmental restoration, waste 
management, and environmental compliance (BRAC 2005). However, cli-
mate change impacts have not been addressed to date. DoD concerns 
about potential climate change impacts on military capability include ef-
fects on plans and operations, training and testing, built and natural infra-
structure, and acquisition/supply chain (DoD 2014). A recent report by the 
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CNA Military Advisory Board recommended that climate change be in-
cluded in future BRAC considerations (CNA 2014).  

The Army needs a means of identifying the impact of future climate 
change on installations in order to inform long-term sustainability deci-
sions. Such data are needed to support diverse areas of decision making 
such as training mission assignments, BRAC military value attributes and 
installation rankings, conservation funding investments, and alternative 
mitigation strategy selection. Climate-change vulnerability assessments 
have been applied across various land management agencies to identify 
current and future climate-change priorities on different assessed factors 
of interest. Climate change vulnerability assessments are coarse-filter ap-
proaches for developing qualitative categorization of vulnerability and sen-
sitivity factors. A number of different approaches have been developed to 
assess the vulnerability and sensitivity of wildlife species to climate change 
on federal (e.g., Bagne et al. 2011), state (e.g., Gardali et al. 2012), and 
tribal lands (e.g., Mawdsley and Lamb 2013). The most widely used and 
available assessment tool is the NatureServe Climate Change Vulnerability 
Index, or NS CCVI (Young et al. 2015). 

Three different approaches for assessing climate change vulnerability of 
Army installations in relation to listed and at-risk species have recently 
been developed. Wilhoit et al. (2016) proposed a simple method of ranking 
installations based on the potential impacts of climate change, as related 
to listed and at-risk species management, on training-land use. However, 
their approach did not include any specific information about climate 
change vulnerability, but was instead based on the number of species on 
installations, the conservation status of these species (i.e., federally listed, 
proposed for listing, and at risk), listing probabilities of different taxo-
nomic groups, and installation area. Effectively, this ranking metric calcu-
lates a status and probability of listing-adjusted estimate of at-risk and 
listed species density.  

Hohmann and Wall (2017) developed and demonstrated an approach to 
multiscale climate change vulnerability assessment that evaluates expo-
sure, sensitivity, and adaptive capacity while integrating weighted esti-
mates of listed and at-risk species range-wide and local vulnerability. It 
explicitly acknowledges that the magnitude of the added challenge posed 
by climate change to species management will be determined not only by 
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vulnerability within the portions of species’ ranges encompassed by instal-
lations, but also by their range-wide or regional vulnerability. In other 
words, the prospects for species recovery and the strategies available to 
achieve that recovery are a combination of both local and range-wide fac-
tors. For example, climate-change-driven loss of habitat in a large portion 
of a sensitive species range will likely constrain certain adaptation strate-
gies and demand others. Moreover, their approach specifically assesses 
vulnerability on Federal land within species ranges as the status of these 
protected occurrences often influences ESA listing decisions. To date, 
there is a trend among public land managers to use single scale climate 
change vulnerability assessments. These assessments focus primarily on 
single facilities, regions, or jurisdictional boundaries that individually may 
not have inherent biological meaning for species conservation (e.g., Byers 
and Norris 2011) and therefore offer limited insight about vulnerability 
and what adaptation strategies might be most appropriate. 

Applying a more simplified approach than Hohmann and Wall (2017) but 
more sophisticated than Wilhoit et al. (2016), Hohmann, Delaney, and 
Wall (2017) developed an approach for characterizing installation climate 
change vulnerability that integrates multiple factors related to exposure, 
sensitivity, adaptive capacity, and number of listed and at-risk species. 
Their approach not only evaluates these factors for focal installations but 
also within the surrounding landscape, the latter being expected to influ-
ence the success of local conservation goals.  

1.2 Objectives 

The objectives of this work were to (1) identify a candidate approach for 
assessing the vulnerability of Army installations to impacts that climate 
change may have on listed and at-risk species and (2) evaluate its suitabil-
ity for informing future BRAC and restationing evaluations. 

1.3 Approach 

Three recently developed methods for assessing vulnerability of Army in-
stallations to impacts of climate change on listed and at-risk species were 
evaluated using the SMART (Specific, Measurable, Attainable, Realistic, 
and Timely) management framework. Each of the three methods was rated 
on each criterion and an aggregate score was provided identifying which of 
the three approaches best fit with the SMART framework. The approach 
having the maximum aggregate score is recommended as the one most 
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likely to be suitable for informing future BRAC and other strategic station-
ing studies. 

1.4 Scope 

The scope of this study was limited to continental United States (CONUS) 
installations and species that have either been federally listed as threat-
ened or endangered, or that have been identified to be at risk (NatureServe 
2014).  
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2 Methods 

We evaluated the three approaches for suitability as an attribute within the 
Center for Army’s Analysis (CAA) Military Value Analysis (MVA) models 
and decision methods for Army stationing decisions. The CAA utilizes the 
SMART management framework to determine if an attribute meets a min-
imum standard for inclusion within the MVA model. If an attribute meets 
the SMART threshold, it may be included in MVA depending on its im-
portance. Descriptions of the five SMART criteria are listed in Table 1. 

Table 1. SMART goal definitions. 
Attribute Definition 
Specific The goal is clear and focused to avoid misinterpretation; assumptions 

and definitions can be easily interpreted or explained. 
Measurable The goal be quantified and compared to other data; should allow for 

meaningful statistical analysis (avoid binary "yes/no" measures – those 
become “screening” criteria). 

Attainable The goal is achievable, reasonable, and credible under conditions 
expected. 

Realistic The goal fits into the model and maintains cost-effectiveness. 
Timely The goal is achievable within the time frame given. 
 
We applied this framework in our evaluation and used a simple five-point 
scoring system (5 = best, 1 = worst) based on subject-matter expert assess-
ment of how well each approach meets the five SMART criteria. We also 
considered whether climate-change-related vulnerabilities attributable to 
listed and at-risk species should be used as a supplemental criterion out-
side the model (e.g., within the existing environmental and socioeconomic 
impacts criterion). Additional details for each of the three climate-change 
vulnerability approaches are provided below to consolidate information 
relevant for our evaluation.  

2.1 At-risk and listed species density rankings (Wilhoit et al. 2016) 

A spreadsheet of listed and at-risk species from seven regionally distinct 
Army installations of interest was compiled based on information from en-
vironmental and installation documents (e.g., Integrated Natural Re-
sources Management Plans [INRMP], Environmental Assessments, 
Environmental Impact Statements, etc.) (Wilhoit et al. 2016, Appendix D). 
Species were weighted with a multiplier based on their status under ESA. 
All federally listed species (e.g., endangered or threatened) or candidate 
species received a weight of 1. At-risk species were multiplied by 0.25 as an 
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approximation of the uncertainty in future listing given they have not yet 
been petitioned for listing under the ESA. At-risk species and species un-
der ESA review also received probability of ESA listing weights derived 
from Sperry, Wall, and Hohmann (2016) according to taxonomic group, 
which ranged from 0.29 for arthropods to 1.0 for turtles. All the derived 
values were then summed and added to the number of listed species on 
each of seven regional case study installations. Because the magnitude of 
impact of listed and at-risk on training was expected to vary as a function 
of available training area, these totals were then divided by installation 
area (km2) to generate a single non-normalized impact (i.e., vulnerability) 
score for each installation (Wilhoit et al. 2016). The vulnerability scores 
generated by Wilhoit et al. (2016) for case-study installations ranged from 
1.51 to 0.00, but most impact scores were either 0 or 0.01 (Table 2). Still, 
installations with higher impact scores had greater numbers of listed and 
at-risk species and smaller land areas than installations that were esti-
mated to have the lowest score, which had fewer listed and at-risk species 
and larger land areas (Wilhoit et al. 2016). 

This approach offers a simple method for ranking installations based on 
potential impacts of climate change on listed and at-risk species relative to 
training land use (Wilhoit et al. 2016). It does not include any specific in-
formation about climate-change vulnerability nor does it account for the 
importance of differences in scores. The purpose of this method was to de-
velop a rapid, easy process for assessing the vulnerability of Army installa-
tions to impacts of climate change on listed and at-risk species, which 
could potentially be used to guide the decision matrix for future BRAC and 
restationing evaluations. 

Table 2. Climate change vulnerability scores and (rankings) of five CONUS 
installations evaluated by the three approaches. Higher scores equate to greater 

vulnerability, while higher ranks equate to lower vulnerability. 
Installation Location Wilhoit et al. 

(2016)  
Hohmann and 
Wall (2017) 

Hohmann, 
Delaney and 
Wall (2017) 

Joint Base Lewis-
McChord 

Washington 0.01 (1) 6.69 (1) 1.103 (1) 

Fort Bragg North Carolina 0.01 (1) 2.37 (2) 0.783 (3) 
Fort Bliss Texas 0.0 (2) 1.39 (3) 0.901 (2) 
Fort Drum New York 0.0 (2) 0.02 (4) 0.592 (5) 
Fort Riley Kansas 0.01 (1) 0.02 (4) 0.776 (4) 
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2.2 Multiscale assessment of climate change vulnerability 
(Hohmann and Wall 2017)  

Hohmann and Wall (2017) used NS CCVI version 3.0, with several small 
modifications explained in the report, to assess local and range-wide vul-
nerabilities for species on the five CONUS installations evaluated by Wil-
hoit et al. (2016). The NS CCVI index places species into one of five 
vulnerability categories—extremely vulnerable, highly vulnerable, moder-
ately vulnerable, less vulnerable, and insufficient evidence—for a specific 
geographical area assessed, through 2050 (Young et al. 2015). It uses in-
formation about 23 factors to characterize species sensitivity, exposure, 
and capacity to adapt to climate change. Examples of these factors include 
exposure to sea-level change, phenological response to changing seasonal 
temperature or precipitation, and dispersal and movement capability. Ta-
ble 3 lists and briefly describes these factors. Additional details and scor-
ing guidelines for the factors can be found in Young et al. (2015). 

The NS CCVI can be used to (1) assess species’ relative vulnerability, (2) to 
identify the most important factors affecting vulnerability, (3) identify 
conservation priorities across specific areas (e.g., jurisdictional boundaries 
or physiographic regions), and (4) to promote coordination and con-
sistency in adaptation planning and management (Young et al. 2015). 
However, application of the index is somewhat constrained in regions out-
side the conterminous United States due to availability of consistent cli-
mate data and certain design features. The tool, which is programmed into 
a Microsoft Excel* workbook, is freely available for download at www.nature-
serve.org/ccvi.  

By applying the NS CCVI across entire species ranges and specifically to 
the portions of their ranges represented by installations and other federal 
lands, and then comparing values across species and locations, Hohmann 
and Wall (2017) sought to (1) identify the relative threat that climate 
change likely poses for the future conservation of various species found on 
the case study installations, (2) assess the challenges that climate change 
likely poses for the installations’ ability to positively affect species’ conser-
vation, and (3) identify the conservation partnering and adaptation strate-
gies likely available. 

                                                                 

* Microsoft and Excel are registered trademarks of Microsoft Corp., Redmond, WA. 

http://www.natureserve.org/ccvi
http://www.natureserve.org/ccvi
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Table 3. Factors assessed by the NS CCVI tool (Young et al. 2015). 
Aspect of Vulnerability* Factor Description 

A. Direct Exposure A1. Temperature Change Predicted change in annual temperature by 2050, calculated 
over the range of the species and for Federal lands. 

A2. Moisture Change Predicted net change in moisture based on the Hamon actual 
evapotranspiration (AET) potential evapotranspiration (PET) 
Moisture Metric, calculated over the range of the species and 
for Federal lands. 

B. Indirect Exposure B1. Sea-Level Rise Predicted increase in sea level and consequent influence of 
storm surges calculated over the range of the species and for 
Federal lands. 

B2A. Natural Barriers Topographic, geographical, and/or ecological features of the 
landscape that may naturally restrict a species from 
dispersing to new areas. 

B2B. Anthropogenic Barriers Anthropogenically altered landscapes (e.g., urban or 
agricultural areas) that may hinder the dispersal of a species. 

B3. Land Use Changes from 
Climate Change Mitigation 

Strategies designed to mitigate greenhouse gases (e.g., large 
wind farms, biofuel production, solar arrays, carbon offsets), 
or other threats. 

C. Sensitivity and Adaptive 
Capacity 

C1. Dispersal/ Movement Known or predicted dispersal or movement capability of 
species and ability to shift location as conditions change due 
to climate change. Limited dispersal or movement capability is 
expected to increase vulnerability. 

 C2ai. Historical Thermal Niche Mean seasonal temperature variation (difference between the 
highest mean monthly maximum temperature and lowest 
mean monthly minimum temperature from 1951–2006) 
calculated over the range of the species and Federal lands. 
Species exposed to low seasonal temperature variation are 
expected to be more vulnerable than species exposed to high 
seasonal temperature variation. 

 C2aii. Physiological Thermal 
Niche 

Species’ predicted sensitivity due to specific requirements for 
relatively cool temperature regimes. 

 C2bi. Historical Hydrological 
Niche 

Mean annual precipitation variation (difference between the 
maximum and minimum from 1951–2006) calculated over 
the range of the species and for Federal lands. 

 C2bii. Physiological 
Hydrological Niche 

Species’ predicted sensitivity due to specific requirements for 
narrow precipitation/hydrologic regimes. 

 C2c. Disturbance Species’ dependence on specific disturbance regimes (e.g., 
fire or flooding likely to be impacted by climate change). 
Dependence on specific disturbance regimes is expected to 
increase vulnerability. 

 C2d. Ice/Snow Species’ dependence on habitats associated with ice, ice 
edge, or snow cover. Dependence on these habitats is 
expected to increase vulnerability. 

 C3. Rarity of Physical Habitat Species’ dependence on uncommon geological features or 
derivatives (e.g., specific substrates, soils, or physical features 
such as caves, cliffs, or sand dunes). 

 C4a. Dependence on Other 
Species for Habitat 

Specificity of species’ dependence on habitat generated by 
other species (e.g., burrows, cavities). 

                                                                 

* Note that the factor-numbering hierarchy in this table is the same as used in the NS CVVI tool.  
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Aspect of Vulnerability* Factor Description 

 C4b. Diet Specialization Specificity of species’ diets. Only applicable to animals. Dietary 
specialists are more likely to be negatively affected by climate 
change than species that consume diverse food types (e.g., 
omnivores). 

 C4c. Pollinators Specialization Specificity of species’ reliance on other species for pollination. 
Only applicable to plants. Pollinator specialists are more likely 
to be negatively affected by climate change than species with 
multiple pollinators. 

 C4d. Dependence on Other 
Species for Dispersal 

Specificity of species’ reliance on other species for propagule 
dispersal. Applicable to both plants and animals. Dispersal 
specialists are more likely to be negatively affected by climate 
change than species with many dispersal agents or species 
that are not reliant on other species for dispersal (e.g., most 
animals). 

 C4e. Sensitivity to Pathogens 
or Natural Enemies 

Anticipated change in impact or abundance of pathogens and 
natural enemies (e.g., predators, parasitoids, or herbivores) 
due to climate change. 

 C4f. Sensitivity to Competition 
From Native or Non-native 
Species 

Anticipated change in impact or abundance of native or non-
native competitors due to climate change. 

 C4g. Dependence on Any 
Other Species Interaction 

Specificity of species’ reliance on other species for 
interactions (e.g., mutualism, parasitism, commensalism or 
predator-prey relationship) not captured by the preceding four 
factors. 

 C5a. Documented Genetic 
Variation 

Relative amount of genetic variation reported for species 
compared to findings on related taxa using similar techniques. 
Low genetic variation is presumed to be a constraint on 
adaptation. 

 C5b. Past Genetic Bottleneck Used only if genetic variation is unknown. Evidence of a past 
genetic bottleneck suggests some potential loss of genetic 
variation and increased vulnerability. 

 C5c. Reproductive System Proxy evaluated only for plants and when information about 
species’ genetic variation and past genetic bottlenecks is 
unavailable.  

 C6. Documented Phenological 
Response 

Relative change in phenological variables (e.g., flowering or 
migration times) in response to changes in climate. A lack of 
change in phenological variables is presumed to increase 
vulnerability. Species restricted to asexual reproduction are 
expected to be more vulnerable than species with either 
obligate outcrossing or mixed mating (selfing and outcrossing) 
systems when no disruptions to gene flow (e.g., range 
disjunctions) or outbreeding depression are known. 

D. Documented or 
Modeled Response 

D1. Documented Response to 
Recent Climate Change 

Degree to which a species is known to have responded to 
climate change over the past 10 years or three generations, 
whichever is longer. 

D2. Modeled Future (2050) 
Change in Range or Population 
Size 

Predicted future change in species’ range size or abundance 
(expressed as a percentage) as a result of climate change. 

D3. Overlap of Modeled Future 
Range and Current Range 

Percent of species’ current range represented by the 
intersection of predicted future (2050) and current ranges.  

D4. Occurrence of Protected 
Areas in Modeled Future 
Range 

Percent of species’ predicted future (2050) range represented 
by designated conservation areas that are likely to provide 
conditions suitable for viable populations of the species. 
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Hohmann and Wall (2017) also generated a multiscale index of species’ 
climate change vulnerability by combining the species’ vulnerabilities esti-
mated at the different scales (i.e., species’ ranges, installations, other fed-
eral lands within species’ ranges). This was accomplished by coding the 
categorical outputs of the NS CCVI tool at both range-wide and local scales 
and then combining those values with an index of relative vulnerability on 
federal lands across each species range. Specifically, the NS CCVI outputs 
were coded as follows:  

• Extremely vulnerable = 1 
• Highly vulnerable = 0.75 
• Moderately vulnerable = 0.5 
• Less vulnerable = 0.25 

Weights were then applied to the vulnerabilities at these three scales to re-
flect their hierarchical importance for determining species’ multiscale vul-
nerability (range-wide = 3, Federal lands = 2, installation = 1). The 
products of the vulnerability values and weights at each scale were then 
multiplied to generate a multiscale vulnerability index. For example, the 
Oregon spotted frog (Rana pretiosa) was found to be highly vulnerable on 
Joint Base Lewis-McChord and range-wide, and extremely vulnerable 
across federal lands within its range, which generated the multiscale cli-
mate change vulnerability value of 3.37 [(0.75*1)*(1*2)*(0.75*3)]. 

The values calculated for species multiscale vulnerabilities were then 
summed for each installation to generate an aggregated multispecies index 
of installation vulnerability. For example, the multiscale vulnerabilities of 
Spague’s pipit (Anthus spragueii), western yellow-billed cuckoo (Coccyzus 
americanus occidentalis) and New Mexico jumping mouse (Zapus hudso-
nius luteus) on Fort Bliss were 0.00, 0.28, and 1.11, respectively. When 
summed, the aggregate vulnerability of these three species on the installa-
tion equaled 1.39. For the five installations evaluated, the aggregate mul-
tiscale index of installation vulnerability ranged from 0.02 to 6.69. It is 
important to note that, in developing their approach, Hohmann and Wall 
(2017) used species recently proposed for listing under the ESA (Sperry, 
Wall, and Hohmann 2016), rather than listed or at-risk species. Conse-
quently, the values and their rankings are not directly comparable with the 
vulnerabilities estimated by the two other approaches (Table 2).  
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The approach to multiscale vulnerability assessment developed by 
Hohmann and Wall (2017) is likely suitable for integrating climate-change 
considerations into installation Integrated Natural Resource Management 
Plans, evaluating whether climate-change-driven impacts to listed species 
will likely affect installation resilience, and strategically identifying poten-
tial conservation partners among Federal land managers. Key among their 
findings was the role the DoD may be expected to contribute to species’ 
conservation in the face of climate change relative to that of other Federal 
land management agencies. DoD was the leading federal management 
agency for roughly one-third of the 16 study species. Where species vulner-
abilities are lower on lands managed by other agencies, it was recom-
mended that the Army seek partnerships that can generate conservation 
success greater than what is likely to be gained by relying solely on within-
the-fenceline approaches. 

2.3 Climate change attributable to listed and at-risk species 
(Hohmann, Delaney, and Wall 2017) 

Hohmann, Delaney and Wall (2017) devised an approach based on a sim-
ple weighted sum of five factors that characterized an installation’s (1) di-
rect and indirect climate change exposure, (2) likely sensitivity to climate 
change exposure, (3) regional adaptive capacity, (4) potential vulnerability 
to listed and at-risk species, and (5) importance to the Army’s overall 
training mission. Their approach was similar to the multiscale approach of 
Hohmann and Wall (2017), in that it utilized information about exposure, 
sensitivity and adaptive capacity; however, the climate change vulnerabil-
ity of each species on an installation was not assessed separately, but ra-
ther collectively for all species within a regional landscape surrounding the 
installation. By evaluating fewer factors and eliminating emphasis on spe-
cific details about species’ biology, which are often poorly known, they 
were able to streamline the climate change vulnerability assessment pro-
cess.  

Each of the five factors was summarized using one or more standardized 
subfactors that were also used by Hohmann and Wall (2017) or Wilhoit et 
al. (2016). For example, climate change exposure was characterized by 
changes in temperature and precipitation, and sea level (Table 3, A1, A2, 
and B1). Sensitivity was characterized by subfactors summarizing histori-
cal precipitation and temperature variability (Table 3, C2ai and C2bi). For 
adaptive capacity, subfactors related to anthropogenic barriers and occur-
rence of protected lands were evaluated (Table 3, B2B, and D4). Potential 
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impacts of listed and at-risk species were characterized in a similar man-
ner to Wilhoit et al. (2016) (see section 2.1), including information about 
the number and density of species on installations and the probability of 
listing of different taxonomic groups.  

For the 43 CONUS Integrated Training Area Management (ITAM) instal-
lations evaluated by Hohmann, Delaney, and Wall (2017), the score of cli-
mate-change vulnerability ranged from 0.435 to 1.137. Comparing values 
of the exposure, sensitivity, and adaptive capacity factors, Hohmann, 
Delaney, and Wall (2017) were able to identify seven classes of installation 
vulnerability having different implications for prioritization and strategic 
planning (e.g., highly vulnerable versus potential adaptors and persisters). 
The values and rankings for the five installations evaluated by the two 
other approaches are shown in Table 2.   
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3 Results and Discussion 

Table 4 shows the scores for the three approaches described in Chapter 2, 
as evaluated against the five SMART characteristics described in Table 1.  

Table 4. Evaluation of SMART characteristics for the three climate change 
vulnerability assessment approaches. Scores are based on subject-matter expert 

opinion and represent low (1) to high (5) suitability. 
Characteristic Wilhoit et al. (2016) Hohmann and Wall (2017) Hohmann, Delaney, and Wall (2017) 

Specific 2 3 5 

Measurable 2 3 5 

Attainable 5 3 4 

Realistic 2 3 5 

Timely 5 2 4 

Mean score 3.5 2.8 4.6 

 
The first characteristic considered by the SMART process is whether a pro-
posed MVA attribute is specific. The highest score (5) for this characteris-
tic was assigned to the approach developed in Hohmann, Delaney, and 
Wall (2017). This approach has commonalities with the highly detailed, 
species-centric, multiscale assessment of Hohmann and Wall (2017), but it 
lacks some of the complexity that may make the latter potentially difficult 
to explain to individuals who lack training in biological science. Although 
clear and easily explained, the listed and at-risk species density approach 
of Wilhoit et al. (2016) was assigned the lowest score (2), because it does 
not specifically include information about climate change.  

The second characteristic the SMART process evaluates is whether a po-
tential MVA attribute is measurable. The highest score (5) for this charac-
teristic was also assigned to the approach outlined in Hohmann, Delaney, 
and Wall (2017), which generates outputs that offer the greatest interpre-
tation and potential for meaningful comparisons with other data. Values 
are standardized and exhibit variation among the five case-study installa-
tions included in all three approaches. Wilhoit et al. (2016) and Hohmann 
and Wall (2017) were assigned lower scores of 2 and 3, respectively (Table 
4). The former offered little discriminatory information, as only two differ-
ent values were estimated for the five case-study installations (Table 2). 
The latter offered greater discriminatory information, but two of the five 
installation case studies shared a common value. The ordinal outputs of 
the NS CCVI that are utilized in the multiscale approach of Hohmann and 
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Wall (2017) can potentially constrain the variability of the vulnerability es-
timates of this approach when very few listed or at-risk species occur on an 
installation.   

The third characteristic the SMART process evaluates is whether a pro-
posed MVA attribute is attainable through reasonable measures under the 
expected conditions. The highest score (5) for this characteristic was as-
signed to the approach developed in Wilhoit et al. (2016) because of its 
simplicity and use of a limited number of variables. The data required to 
fulfill this attribute are readily available across all installations, allowing 
for wide-ranging comparisons of listed and at-risk wildlife species pres-
ence on military lands. Hohmann, Delaney, and Wall (2017) and 
Hohmann and Wall (2017) were assigned lower scores of four (4) and 
three (3), respectively (Table 4). The former approach uses a simple 
weighted sum of 5 factors to streamline the process for assessing climate 
change vulnerability, compared with the latter approach which uses 23 
very detailed variables. By evaluating fewer factors and eliminating em-
phasis on species-specific biological information, which is poorly known, 
the approach of Hohmann, Delaney, and Wall (2017) is more easily attain-
able than that of Hohmann and Wall (2017). 

The fourth characteristic the SMART process evaluates is whether a pro-
posed MVA attribute is realistic (i.e. fits within the model and is cost-effec-
tive). Information relevant to all three of the approaches is constantly 
changing, and would probably need to be updated every couple of years, or 
even more frequently. There would be some cost associated with these up-
dates. The highest score (5) for this characteristic was also assigned to the 
approach outlined in Hohmann, Delaney and Wall (2016) because it is suf-
ficiently realistic, without being too complex, while also providing inter-
mediate cost-effectiveness. Wilhoit et al. (2016) and Hohmann and Wall 
(2017) were assigned lower scores of two (2) and three (3), respectively 
(Table 4). The former would have the lowest cost because it only addresses 
two variables (i.e., presence of at-risk, candidate, and federally listed spe-
cies and installation size), but would not have the same degree of realism 
for assessing the vulnerability of military installations to climate change as 
Hohmann and Wall (2017) and Hohmann, Delaney, and Wall (2017). The 
approach of Hohmann and Wall (2017) would be more costly than either 
of the other approaches. 
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The last characteristic considered in the SMART process is whether a pro-
posed MVA attribute is timely. Each of the three methods examined varies 
in the timeframe needed to provide results. The simplified nature of the 
approach of Wilhoit et al. (2015), which relies on only a couple of readily 
accessible variables (i.e., presence of at-risk, candidate, and federally listed 
species and installation size) and some simple straightforward calcula-
tions, provides the fastest output of all three methods (Table 4). If there is 
little lead time for incorporating species-specific information into the pro-
cess, then this is the only timely approach. In contrast, the lowest score (2) 
was assigned to the multiscale vulnerability approach of (Hohmann and 
Wall 2016), which requires information on 23 factors that characterize in-
dividual species’ sensitivity, exposure, and capacity to adapt to climate 
change, and as a consequence is very time consuming. Using this approach 
to generate an MVA attribute would need to be planned for in advance to 
allow enough time for the detailed analyses. As noted above, the approach 
developed in Hohmann, Delaney, and Wall (2017) has similarities to the 
multiscale approach of Hohmann and Wall (2017), but is less data inten-
sive. Therefore, it should require an intermediate amount of time com-
pared to the other two approaches. 

The mean of the scores assigned to the five SMART characteristics was cal-
culated as an aggregate summary score to aid assessment of the relative 
suitability of the three different approaches as an MVA attribute or as an 
external consideration (Table 4). The highest mean (4.6) was calculated 
for Hohmann, Delaney, and Wall (2017), the lowest mean (2.8) was calcu-
lated for Hohmann and Wall (2017), and an intermediate mean (3.5) was 
calculated for Wilhoit et al. (2016). Differences among these mean scores 
appear distinct enough to suggest that of the approach of Hohmann, 
Delaney and Wall (2016) has the most desirable characteristics for adop-
tion as an MVA attribute or as an external consideration for informing fu-
ture BRAC and restationing evaluations.  
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4 Conclusions and Recommendations 

4.1 Conclusions 

The approach developed in Hohmann, Delaney, and Wall (2017) is likely 
suitable for consideration as an MVA attribute. However, it also could be 
incorporated as an environmental consideration if the military subject-
matter experts engaged during the MVA process do not wish to score it as 
a dedicated or multidimensional attribute.  

4.2 Recommendations 

The DoD has explicitly acknowledged, and has ongoing studies on, the po-
tential impact of climate change and listed and at-risk species on mission-
critical training and testing capabilities (DoD 2014). Based on the poten-
tial impacts in these areas, we recommend that the Department of the 
Army consider the approach developed in Hohmann, Delaney, and Wall 
(2017) in their MVA and deliberations during the next strategic stationing 
study. 
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Acronyms and Abbreviations 

Term Definition 
AET actual evapotranspiration 
BRAC Base Realignment and Closure 
CAA Center for Army Analysis 
CERL Construction Engineering Research Laboratory 
CONUS Continental United States 
DA Department of the Army 
ERDC Engineer Research and Development Center 
EPA Environmental Protection Agency 
ESA Endangered Species Act 
DoD Department of Defense 
INRMP Integrated Natural Resources Management Plan 
ITAM Integrated Training Area Management 
MVA Military Value Analysis 
NS CCVI NatureServe Climate Change Vulnerability Index 
PET potential evapotranspiration 
SMART Specific, Measurable, Attainable, Realistic, and Timely 
TES Threatened and Endangered Species 
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